another, through mild diploid selection against some phenotype, involved a total culling of about thirty-fold the standing population, and this imposed a serious bar to the speed of selection for multiple characteristics. The argument can be simplified by the concept of" efficiency" of substitution. Maynard Smith (Nature, 219, 1114, 1968) advanced a model of parallel evolution of numerous factors determining a phenotype exposed to truncate culling, and showed the cost was reduced by an" order of magnitude ".
A model of exponential culling will be discussed: although plausible, the concept of cost is biologically meaningless since the cost is infinite in the limiting case. The speed of selection is independent of the number of genetic factors determining the phenotype although dominants are selected for, rather than dominance and, even assuming little interaction, different populations will respond differently to the same selective pressures acting on functions of allele proportions.
The alternative model of the neutral gene is non-operational, in the sense that relevant parameters cannot be estimated if we allow for parallel evolution unless, a priori, neutrality is considered more likely than slight effects. Haldane's model provides a very simple real number approximation to the effects of drift, and an explanation of the widely observed paradox relating rarity of species to speed of evolution since the cost of establishing one mutant is related to (2n//c)log(2n//c) when n individuals are divided into Ic isolates. Plant breeding is the contemporary phase of crop evolution and the plant breeder is, in effect, an applied evolutionist who is concerned to bend populations rather than to understand them. Crop populations under selection change by the same mechanisms (hybridisation, gene substitution, polyploidy, etc.) by which natural populations change. Population genetics therefore are (or should be) central to the understanding of plant breeding practice. Despite the enormous practical successes of plant breeding there are reasons for scepticism about some aspects of the practice. The kinds of associations known between bacteria, including actinomycetes, and their phages will be reviewed, as well as the possible phylogenetic relationships between sex factors and other plasmids. The possible effects of such interactions in bacterial evolution will be discussed. What we have learned from genetic analysis of" somatic" cells in Fungi points to two main bottlenecks in the use of somatic cell hybrids-inter-or intraspecific-in the formal genetic analysis of man. The first markers identified at the whole individual level which are recognisable at the cell culture level: there are now some 30 available, and more can be used following Ephrussi's and Ruddle's pioneer work on interspecific differences in individual enzymes between, e.g. mouse and man. The second bottleneck is the induction of whole chromosome segregation. In Fungi this is achieved by treatment with p-fluorophenylalanine, which seems to be ineffective on mammalian cells. Weiss and Green showed that in interspecific mouse/man hybrids the human chromosomes are eventually eliminated and this led them to the first allocation of a human gene to an autosome. However, what we need is controlled elimination of chromosomes. The attempts in progress to this end will be illustrated. Hybrid cell strains produced by viral fusion of a mouse plasmacytoma and an L cell contain both genomes and produce enzymes derived from both parental cells.
POPULATION GENETICS AND PLANT BREEDING
N
THE POWER OF NATURAL SELECTION
A
POPULATION GENETICS AND ECOLOGY
Immunoglobulin synthesis is less than that found in the parental cell strain. Methods will be described for the isolation of protoplasts from a wide range of plant tissues and tissue culture cells. A method will also be described for the reproducible and controlled fusion of such isolated protoplasts. It has been found possible to obtain fusion of protoplasts between different species, and the implications of these findings in relation to the possible somatic hybridisation of plants will be discussed. The methionine-tRNA ligase of wild-type Coprinus will also charge the toxic methionine analogue, ethionine, on to methionine-tRNA. Lewis (Nature, 200, 151, 1963) has described an ethionine-resistant mutant of Coprinus whi ch activates ethionine at a rate considerably lower than wild-type, does not incorporate ethionine into protein, and therefore is probably unable to charge methionine-tRNA with ethionine.
CORRECTION OF A GENETIC DEFECT IN
In wild-type strains of Coprinus, both methionine and ethionine are capable of inducing s-adenosylmethionine (SAM) synthetase, the first enzyme in the utilisation of exogenous methionine. In the ethionine-resistant mutant, however, only methionine will induce the enzyme. It would thus appear that charged methionine-tRNA is the real inducer for SAM synthetase.
The mutation is recessive in dikaryons, which poses problems of nuclear permeability if the postulated regulatory system is contained within the nucleus. Coprinus lagopus is normally inhibited by the analogue of phenylalanine, parafluorophenylalanine (pFPA). Strain F7 selected for growth on pFPA is a slowgrowing mutant which is not inhibited by para-fluorophenylalanine.
Over a prolonged growth period, the amount of '4C-pFPA incorporated into the TCA-insoluble fraction of F7 mycelium is significant, but considerably reduced in comparison to the amount incorporated into similar fractions of the mycelium of the parental, pFPA-sensitive, strain TC1. Mutant F7 excretes into the growth medium large quantities of a number of phenolic compounds, including p-hydroxyphenylpyruvic acid and phenylpyruvic acid. The utilisation of '4C-glucose in the synthesis of phenylalanine by TC1, is greatly reduced by the presence of exogenously supplied phenylalanine. No such reduction in synthesis is observed in the pFPAresistant strain F7. It is therefore inferred that the mutation affects the regulation of phenylalanine biosynthesis. In every case the initial deterioration, and each subsequent change, segregated as a single gene difference. Overall, mutations in many regions of the genome have been mapped. In certain linkage groups there is clustering of non-allelic mutations near the centromere. One variant carried a mutation in the translocated duplicate segment; an apparently one-step mitotic derivative of this variant, with slightly modified morphology, had a mutation in linkage group VIII but no longer had the mutation in the translocated segment. Other variants gave stable, moderately stable and very unstable lines; one moderately stable line has been analysed to fifth-order variants which show multiple genetic changes and are still unstable.
SEQUENCES
Deterioration and subsequent changes appear to stem initially from the presence of a duplication. Large-scale controls with standard haploid strains have not so far 'yielded deteriorated variants. There are striking points of similarity between the behaviour of these variants and systems of instability in other organisms.
A Mutants of E. coli Kl 2 resistant to low concentrations of Streptomycin (Str) appear with a frequency of about 10-6 when cells of a sensitive strain are plated on nutrient agar containing 5jg/ml Str. One of these mutations has been found to be cotransducible with the chromosomal genes proA and proB (cotransduction frequencies 38 per cent. and 7 per cent.), but not with lac. The mutation is thus chromosomally located between proA and proB, at a locus to be designated strB. There appears to be little or no phenotypic lag in expression of Streptomycin resistance by strB after transduction by P1.
When strB is introduced into a strain of E. coli K12 carrying an R-factor (R46) with resistance determinants for Streptomycin, Tetracycline and Ampicillin, the level of resistance to Streptomycin is increased several fold, but a marked decrease occurs in the levels of resistance to Tetracycline and Ampicillin. Cytoplasmic" petite" mutants of the yeast Saccharonyces cerevisiae have a defective respiratory system resulting from the loss of the cytoplasmic genetic determinant known as the" rho factor ". The knowledge that many mutants of this type contain substantial amounts of mitochondrial DNA (mDNA) which usually (though not always) differs markedly in base composition from that of the wild type (" grande ") mDNA, suggests that the petite mutation involves the elimination of the latter molecules, coupled with the generation and/or selection of the altered form. The molecular basis of this process is not understood, and in order to gain further information, a study has been made of the occurrence of mDNAs in mutants obtained on exposing different grandes to a variety of environmental conditions. It emerges that the amount, buoyant density, and stability on exposure to various environments of the mDNA carried by a petite is dependent not only on the parental grande from which the mutant was derived but also to some extent on the conditions of induction. In certain cases it has been found possible to generate petite mutants carrying mDNA in amounts too small to be detected by normal means. The significance of such mutants will be discussed in relation to the genetics of the mitochondrial system. Killer strains of yeast produce a protein which kills sensitive strains. Neutral strains neither produce this protein nor are they sensitive to its action. Three nuclear genes, M/m, UR3/ur3, and P8/ps, and two cytoplasmic determinants, (k) and (n), control the expression of these phenotypes. The following observations have been made: (i) the presence of M is necessary for the maintenance of both (k) and (n) but not of (rho); (ii) in the absence of UR3, (k) is lost but both (n) and (rho+) are maintained; and (iii) the Ps allele is epistatic to M, and Ps cells cannot maintain any of the three determinants, i.e. they are sensitive and " petite " (rhoj.
Ps ascopores carrying all three cytoplasmic determinants can be recovered from P2/p8 diploid cells. Analyses of the vegetative cells progressively produced from such spores have shown that each type of determinant is lost independently of the other during further divisions. Other genic " petite" strains such as p (which is also rho-) maintain both the (k) and (n) determinants, as do all " vegetative petite" strains so far tested. Such observations lead to the conclusion that (k) and (ii) are not located in the mitochondria. However, that a link may exist between the (k) determinants and the mitochondria is suggested by the fact that rho-killer cells treated with methylene blue yield a high percentage of sensitive cells whereas rho+ killer cells similarly treated do not produce any. It will be shown, that isolation of a mitochondrial mutant (e.g. an antibiotic resistant one) results in the attendant selection of a property governing the genetic recombination between mitochondria. This property is hereditary and nonchromosomal, and can be described as mitochondrial sex. Analysis of a complete matrix, composed of 82 crosses, indicates that the mitochondrial sex is autonomous and independent from the cellular one. In heterosexual crosses (mitochondrial female by mitochondrial male), reciprocal recombinants do not occur in equal proportions neither intraclonaly nor statistically. In homosexual crosses (mitochondrial female by female, mitochondrial male by male), reciprocal recombinants occur with, statistically, equal frequencies. Similarities between bacterial and mitochondrial genetics help to clarify the evolutionary origin and the, present differentiation of Many genes are known which affect mitochondrial structure and function in yeast. At least 17 nuclear (p) genes are involved, and also genes which show a cytoplasmic type of inheritance. In addition to the "petite" (rho-) mutants which apparently involve gross alterations in mitochondrial DNA, several cytoplasmically-inherited genes conferring resistance to various inhibitors have been found. The methods used for the detection of such mutants will be described. There is indirect evidence that such genes may be located on mitochondrial DNA. Since the original report of recombination between cytoplasmically-inherited genes in yeast, the system for the detection and quantitative analysis of such recombinants has been refined. Mitotically stable recombinants are often produced within a few cell divisions of zygote formation. This type of analysis has not so far excluded the possibility that different genes may be located on separate molecules. Some of the cytoplasmic mutants have been investigated biochemically; those resistant to antibacterial antibiotics appear to have a mitochondrial protein-synthesising system which is resistant to the antibiotics. In studies on the allele specific action of suppressors upon mutants at three adenine loci, three classes of suppressors involving six suppressor loci have been found to give overlapping patterns. In complementing systems such as the structural gene for glycinamide ribotide synthetase, mutants sensitive to these suppressors show the polar effects expected from nonsense mutations. The relations between the suppression patterns characterising the nonsense suppressors indicate that the weak suppressors of two of the three classes correspond to ochre-amber and ochre-specific suppressors, respectively, whereas the strong suppressors of the third class represent amber-specific suppressors. Ochre-amber and ochre-specific suppressor alleles have also been derived by mutation from amber suppressors, suggesting that base substitutions of the type suam = CUA*su0ram = UUA and SUOC = AUA = lilA affecting the anticodon of a t-RNA are involved. In two suppressor loci, second site reversions inactivating the amber suppressor by base pair substitutions outside the anticodon region have been mapped on the basis of intragenic recombination restoring the active suppressor allele. In both fine structure maps, the anticodon site representing the original suppressor mutation exhibits clear-cut marker effects upon recombination. Although there can be little doubt that the two maps both describe structural genes of t-RNA's, they differ significantly in their genetic length as well as in the degree of map expansion which they exhibit. Biol., 43, 71) are suppressors of ochre (UAA) and amber (UAG) nonsense codons. Many are dominant and so they can be isolated in diploids. One suppressor of the ochre mutant ad2,1 which was isolated in a diploid strain, 5Q2' segregated closely linked to a lethal phenotype when tetrads of the revertant diploid were analysed. A number of alleles of the suppressor, similarly isolated, also proved to be recessive lethals, but no other suppressors were. Amber-suppressing revertants of the lethal ochre suppressor were not lethal. Exceptionally, viable haploids carrying SQ2 were found. These were shown to be due to a modifying mutation which abolished the lethal phenotype without affecting the suppressor activity. The modifier is identical with that which has previously been shown to affect the activity of another ochre suppressor (Cox, Heredity, 20, 505). The modifier, ifr, is cytoplasmically inherited. 5Q2 is probably allelic with Hawthorne's (Genetics, 60, 735) . S11 is also lethal in haploid strains. It is argued that it is one of several tyrosineinserting suppressors, and so the lethality is not due to its being a mutation in a gene determining a unique t-RNA species.
A NEW TYPE OF MUTANT AT THE ADE3 LOCUS OF YEAST R. A. WOODS and C. A. LON1AX
Department of Genetics, Sheffield University, Sheffield, 510 2TN
Mutants at the aded locus of yeast characteristically require adenine and histidine for growth and have been shown to have a multiple lesion in folic acid metabolism.
Following mutagenic treatment of a prototrophic strain we have isolated and characterised six mutants, allelic to aded by functional and genetic criteria, which do not require histidine. Five of the mutants are markedly inhibited by methionine and four of these by histidine. A mixture of these two amino acids stimulates the growth of the mutants in the presence of adenine. These results will be discussed in relation to the control of purine synthesis and folic acid metabolism. The genetic effects of damage produced by irradiation and the role of repair enzymes in altering this damage has been examined at the level of the single gene, the nitrate reductase locus in Uslilago maydis. Since this is an inducible enzyme system, the action of ultraviolet light (UV) and ionising radiation on gene function can be measured immediately after exposure by following the kinetics of enzyme appearance; delay before enzyme appears, rate of enzyme synthesis and final level of enzyme. Most UV-induced damage which affects these parameters is photoreactivable and therefore the lesions involved are presumably located in the DNA and alter the transcription process.
IMMEDIATE EFFECTS OF IRRADIATION ON
In uvs1 strains it is shown that repair is rapid and very efficient at doses which are thought to produce at least one pyrimidine dimer per gene. The repair process takes precedence over transcription since lesions induced after transcription begins are repaired before transcription can continue. It appears that repair in radiationsensitive strains is either deficient or abortive since the rate of enzyme synthesis is much less than in wild type strains. Mitoticallelic recombination in Ustilago majdis is strongly stimulated by UV light, an effect which would be expected if repair processes after irradiation involve recombination. The effect is absent in the radiation sensitive mutant, uvs-1, which is also known on other grounds to be defective in recombination. To obtain further information about the difference between uvs-1 and wild type strains, the degradation of DNA after UV treatment has been measured. Since one cannot specifically label fungal DNA, a novel method has been used to detect breakdown. It depends on a sensitive biological assay, using a thy strain of B. subtilis: degradation of as little as 2 per cent. of the DNA in Uslilago can be detected. Wild type strains of Uslilago break down up to 20 per cent, of their DNA 3-4 hours after irradiation, whereas no breakdown is detectable in uvs-1 strains. The amount of breakdown increases with dose and then declines with decreasing cell viability. This is also true of the total number of viable recombinants in the population. Finally, it has been found that if protein synthesis is inhibited by cycloheximide within 90 minutes after irradiation, most of the allelic recombination and DNA degradation is inhibited. The results suggest that degradation is part of the recombination process and raise the intriguing possibility that the recombination repair system is induced by products of irradiation. One group containing the mutants E5 and E9 are characterised by showing reduced viability after liquid-holding and increased viability after post liquid-holding photo-reactivation treatment.
Haploid and diploid cultures homozygous for the UV sensitivity loci have been studied with regard to the interaction between liquid-holding and photo-reactivation.
Mitotic intergenic recombination and mutation to prototrophy have been measured in all cultures and the results will be reported.
The results will be discussed with particular reference to the nature of the effects of post UV liquid-holding treatment in yeast. Prolonged washing abolishes the after-effect, presumably by removing traces of the chemical. Under these conditions the interaction is also abolished, the time taken being the same for both effects.
Recent experiments have shown that introduction of DEB after UV irradiation has little effect on the UV-inactivation kinetics, and no effect on photo-reactivation.
These results will be discussed together with the data from experiments in which the interaction has been studied in a strain sensitive to both UV and DEB. Mitotic recombination could be an important consideration in the population. stability of long-term culture of bakers' and brewers' yeast. Rates of mitotic segregation in diploid strains of the ad3, ad5_7, ad6 and ad8 genes have been measured by the method of increased proportion of recombinants during prolonged exponential growth. These rates are 35±O7 X 1O (per cell per generation) for ad8, 1 4±O8
x 1O-for ad5, 4O±O8 x 105 for ad3 and <lO for ad5. These results suggest a positive, though non-linear, correlation between mitotic recombination frequency and distance from the centromere.
Cultural conditions are important in minimising the selective advantage of recombinants.
Tetrad analysis of both parts of 18 half-sectored colonies (recombination of ad8 and, in most cases, also of linked marker tr4) revealed that 15 resulted from a mechanism of non-reciprocal recombination and only three from mitotic crossing It was previously observed that the composition of the mating type locus in diploid yeast cells had a strong influence on the frequency with which UV could induce mitotic intragenic recombination in the adenine-6 gene. The heterozygous state, a/a, was associated with a high frequency, while the homozygous conditions, a/a and c/c, with relatively a low one. In these studies only low doses of UV were used to ensure high viability. It was therefore of interest to obtain dose response curves for UV and for comparison to use other recombinogenetic agents namely X-rays and nitrosoguanidine. The results of the dose response curves for the survival fractions showed that aix diploids were more resistant toward X-rays than the a/a and c/c cells. No such so-caUed a/% effect was observed with either UV or nitrosoguanidine. The effects on the recombination frequencies confirmed the previously observed effect of UV irradiation, namely that the ability to recombine is associated with the heterozygous condition of the mating type locus, even though the homozygous diploids a/a and c/c would recombine, but with a much lower frequency. This applies to both UV and X-rays, but not nitrosoguanidine, which only induced recombination in the a/ diploids. As a possible explanation for these observations it is suggested that the induction of recombination in the diploids which are homozygous for the mating type is a reflection of the particular pair of mating type alleles in the diploid cell, showing different response to the inducing agents to make pairing but not meiosis possible. The control of chiasma frequency variation was investigated in the F l's and F2's of a diallel cross between five barley subspecies. The results show that genes controlling this character are predominately of an additive nature. An assay designed to locate these genes within the complement by using 11 morphological markers carried on six of the seven homologous chromosome pairs is described. In the presence of increasing numbers of B chromosomes the nuclear histone content increases, whereas RNA and non-histone protein amounts decrease. These changes are closely correlated with the variation in overall growth rate due to B chromosomes. Comparisons between inbred rye lines and hybrids between these lines exhibiting heterosis show similar correlations between growth rate and nuclear composition. Ananeuploid 2n = 25 was reported among the coichicine induced first generation (C0) tetraploids (2n = 28) by the author (J. tIered., 57, 129). Additional aneuploids with 2n = 22, 26, 27, 29 and 30 were found in the second (C1) and third (C2) tetraploid generations. The frequency of aneuploids ranged from 9 to 30 per cent. in the individual C1 maternal sib families. The aneuploids with 2n = 27 and 29
LOCATION OF GENES CONTROLLING
were the most frequent. There were significant differences in the aneuploid frequency among the C1 families suggesting differential stability of the C0 tetraploid parents. Except for the 2n = 22 and 25 types, most of the aneuploids did not differ morphologically from the tetraploids. All the aneuploids, however, had a reduced fertility. Meiotic studies of the aneuploids showed that there are intragenomal differences in Lolium perenne with regard to chromosome replication and transmission and revealed the presence of displaced duplications.
Two chromosome races of C. lencanl/z€mum L. have been found in the British Isles.
These correpond to the diploid (2n = 18) and tetraploid (2n = 36) levels for the genus. Diploid populations occur in "natural" and disturbed habitats and tetraploids in disturbed habitats with some populations being a mixture of the two.
Tetraploid plants consistently exhibit a low frequency of quadrivalent formation at diakinesis and this behaviour is mirrored by colchicine induced autotetraploids. Triploid hybrids exhibit multivalent formation and demonstrate a high degree of chromosomal homology between diploid and tetraploid plants. It is suggested that any chromosomal differences occurring between polyploid levels and populations are explicable in terms of pericentric inversions, but that localisation of chiasmata in a distal position at the ends of the chromosome arms ensures regularisation of meiosis and fertility of hybrids. Inbreeding reveals a striking correlation between self-incompatibility and homozygosity on one hand and self-compatibility and heterozygosity on the other. Crosses between self-compatible plants show that they can be genetically different and that homozygosity is incomplete.
Polygenic incompatibility can permit finely graduated adjustments in the level of outbreeding in contrast to the more rigorous systems in which outbreeding is The concept of a premeiotic interphase nucleus in which homologous chromosomes are in some way paired or closely associated has obvious attractions when seeking an acceptable explanation of the phenomenon of zygotene synapsis. The following cytological observations, made during a general study of meiosis in man and mouse, are presented in support of this concept: (I) physical pairing between apparent homologues at early prophase in human spermatogonia; paired chromosomes are held together by non-relational coiling and separate as chromosome condensation increases; (2) close association of homologous lengths of leptotene chromosomes at the onset of the meiotic prophase in human primary spermatocytes; (3) the association and pairing of heteropycnotic "knobs" during pre-meiotic interphase in mouse spermatocytes. There is evidence to suggest that the "knobs" are either centromeres or hterochromatic segments adjacent to the centromeres, and that they may be attached to the nuclear membrane.
Some implications of these observations will be discussed. The semi-conservative segregation of labelled DNA in germ line chromosomes, as revealed by autoradiography, provides an ideal system for the study of meiotic exchanges, including sister-chromatid exchange (s.c.e.). The occurrence of exchanges among th chromatids of part labelled chromosomes leads to the appearance of label exchanges or switch points in autoradiographs of later meiotic stages.
A complication arises because the pattern of label exchange cannot be related directly to the original exchange types. This necessitates a thorough quantitative survey of the label exchange pattern which can then be related to predictions based on chiasma scores combined with various levels of s.c.e. The results of an autoradiographic study of meiosis in Sc! jistocerca gregaria will be presented which suggests that meiotic s.c.e. probably does occur in this species, albeit at a low frequency.
DNA CONTENTS OF THE SOMATIC NUCLEI OF INSECTS D. P. FOX Department of Genetics, University of Aberdeen
The increase in mass of somatic tissues occurs by one or both of two processes, increase in cell number and increase in cell size. These processes involve mitosis and endomitosis respectively. In both exopterygote and endopterygote insects the latter mechanism operates almost exclusively after embryogenesis.
Densitometric determination of nuclear DNA values is a convenient method of following this process. It will be shown that the distribution pattern of DNA values is tissue specific for a given group of insects. DNA replication is frequently incomplete during endomitosis in insects and its occurrence is tissue specific.
The possible roles of these phenomena in development will be discussed. The P1 gene situated on chromosome 6 controls, in combination with other genes, the production and distribution of anthocyanin in the stems, glumes, anthers and cobs. P1 also reacts with RCh and r (alleles of the R locus, another anthocyanin gene situated on chromosome 10) to produce deep cherry pigment in the pericarp.
An investigation of the stability of four independently collected P1 alleles produced the following results: (I) " mutations" at P1 can effect pigmentation in each of the tissues independently; (2) different alleles have different degrees of stability; and (3) in the case of pericarp colour a proportion of changes appear as somatic sectors apart from the complete plant " mutants ". It is not clear whether the changes are the results of intragenic recombination or mutation at the Pt locus. However, the fact that the function of the gene can be altered independently suggests the compound nature of P1.
The Pl-R interaction to produce pericarp colour has been studied in detail.
Some P1 RCh families showed a spectrum of variation from colourless pericarp to the deeply coloured condition. The experimental data from these families reveal that (1) the families with dilute or colourless pericarp will not revert to the dark forms, and (2) selection for different levels of pigment is effective, although ears with reduced pigment appear from time to time. Three different tests showed that all the changes described here occur only at the P1 locus. A structural and functional model of P1 will be discussed. Reciprocal crosses between Pelargoniums containing green or white plastids in their germ layers give rise to a mixture of green, variegated and white embryos demonstrating the biparental, extra-nuclear inheritance of the plastids Analyses of the segregation patterns of many crosses now indicate that for each cross the segregation frequencies obtained are controlled very largely by the female nucleus, probably involving several genes. The high frequency of pure embryos in some crosses is inconsistent with the classical hypothesis of sorting-out from mixed cells. Instead it is suggested that pure green or pure white embryos arise by replication within the zygote of only one plastid at a time, whereas variegated embryos arise by replication of both plastids.
